A patient with tetralogy of Fallot who developed cyanosis and tachypnea during spontaneous attacks of paroxysmal atrial tachycardia had an increase in right-to-left shunting with a fall in arterial oxygen saturation from 96 to 43%. Duplication of the fast heart rate by atropine and atrial pacing reproduced these hemodynamic changes, while slowing the rate with propranolol reversed this effect. Subsequently, six patients with mild tetralogy of Fallot underwent rapid atrial pacing during cardiac catheterization. This primary increase in heart rate resulted in a fall in systemic oxygen saturation, an increase in percent right-to-left shunt, and an increase in the right ventricular outflow pressure gradient. These data suggest that further narrowing of the right ventricular infundibulum may occur during tachycardia. This experience indicates that paroxysmal atrial tachycardia should be added to 
T HE RELATIONSHIP of primary increases in heart rate to increasing cyanosis in tetralogy of Fallot has not been emphasized. This communication reports a patient with tetralogy of Fallot who had cyanosis and tachypnea precipitated by paroxysmal atrial tachycardia (PAT) occurring during cardiac catheterization. Subsequently, six patients with acyanotic or mild tetralogy of Fallot underwent atrial pacing in order that we might determine if right-to-left shunting increased as a result of a primary increase in the heart rate and, if it did, that we might elucidate the factors responsible for the increased cyanosis.
Propranolol Atropine Methods Six children, age 7 months to 5 years, were referred for evaluation. Symptoms included easy tiring (patients 2, 4, and 5), squatting (patient 3), and cyanotic spells (patients 1 and 6). These patients were referred from a clinic population with generally poor dietary and maternal iron stores. Patient 6 was under treatment for marked iron-deficiency anemia. Patient 3 was significantly polycythemic, with a resting arterial saturation of 81%; the others were normocythemic, had resting arterial oxygen saturations of 92% or greater (table 1) , and were on oral iron therapy. Cardiac catheterization was done, with a mixture of Demerol-Phenergan-Thorazine (meperidinepromethazine-chlorpromazine) as sedation. The patient was a 7-month-old, 18 pound, female infant who was not cyanotic at rest. The pregnancy had been uncomplicated, and no abnormalities were noted at the time of delivery. At 4 months cyanotic tachypneic sternal border and a single second heart sound. The liver edge was palpated 2 cm below the right costal margin. The hemoglobin was 13.2 g/ 100 ml. Electrocardiography showed normal sinus rhythm and slight right ventricular hypertrophy, and the chest X-rays revealed no cardiomegaly and normal pulmonary vascularity. At the time of catheterization several episodes of PAT lasting up to 15 min occurred. During these arrhythmias the child was deeply cyanotic and tachypneic. Cyanosis would clear promptly when normal sinus rhythm was reestablished usually by an induced premature ventricular contraction.
Systemic oxygen saturation, which was 96% during normal sinus rhythm, dropped to 42% when PAT began (table 1, In order that we might establish whether increased heart rates produce an increase in right-to-left shunting, this child (patient 1) and five other children (patients 2 to 6) with acyanotic or mild tetralogy of Fallot underwent atrial pacing at a rate of 150 to 170 beats/min, thus simulating PAT (table 1 Rapid atrial pacing tends to increase the right ventricular-to-main pulmonary artery pressure differential.
Circulation, Volume XLIV, August 1971 mean arterial pressures did not change appreciably (table 1) . In the five patients in whom it could be measured, the right ventricular outflow-PA pressure gradient during pacing remained unchanged (one patient) or increased (four patients; mean, 14 mm Hg) (fig. 4 ). This occurred in spite of the marked increase in right-to-left shunting with a postulated fall in main pulmonary flow and a fall in the stroke volume from the right ventricle into the main pulmonary artery.
Discussion
The increase in the percent right-to-left shunt and the fall in arterial oxygen saturation during PAT and pacing were accompanied by a marked decrease in pulmonary artery opacification following selective right atrial angiography. Several explanations may be proposed to account for the shunting of blood axvay from the lungs. An unlikely factor is a primary decrease in systemic resistance. Although the systemic resistance was not accurately measured, the aortic systolic and mean pressures did not change on continuous pressure recording during onset of pacing, and right ventricular pressure remained the same or increased. It has also been shown that normal adult subjects exhibit no change in cardiac output or systemic resistance with PAT' or rapid atrial pacing24 compared to normal sinus rhythm. One normal child whom we paced showed no fall in mean arterial blood pressure or calculated systemic resistance. Atrial pacing then presumably produced a change in heart rate independent of any major change in systemic resistance in our patients.
Perhaps a more plausible explanation for the increase in percent right-to-left shunt during tachycardia is an increasing infundibular stenosis. If a decrease in main pulmonary artery blood flow and a decrease in right ventricular stroke volume across the stenotic region are postulated, then the increase in the gradient between the right ventricle and the pulmonary artery shown is most likely to be related to a decrease in the orifice across which the gradient is measured. The infundibular stenosis should increase in order to maintain or increase the gradient at a time when the percent right-to-left shunt is increasing and the main pulmonary artery blood flow is decreasing. In five of our patients in whom the pulmonary artery pressure could be obtained during pacing, the gradient between the right ventricle and the pulmonary artery increased in four and was unchanged in one at a time when the percent right-to-left shunt was increasing and selective right atrial cineangiography showed a decrease in pulmonary artery opacification. Glick et al. 5 The interesting pressure flow-dynamics in tetralogy of Fallot studied by Levin et al. 8 have not been applied during arrhythmias or pacing. What effect, if any, the prolonged P-R interval and resulting fusion of the a and v waves during atrial pacing has on differential ventricular filling also has not been studied. Other mechanisms that increase cyanosis, such as a primary drop in systemic resistance,9 fall in systemic venous return without change in pulmonary-to-systemic flow ratios,10 11 and increase in systemic venous flow during exercise with a relatively fixed pulmonary flow,12 do not seem to account for the increased right-to-left shunting demonstrated during these tachyeardias. Rather it is postulated that in some patients with tetralogy of Fallot a rapid heart rate induced by spontaneous PAT, rapid atrial pacing, atropine, or other causes may increase the right ventricular outflow obstruction so that right-to-left shunting will be enhanced.
The recent descriptions of the prevention of cyanotic tachypneic episodes13-16 with propranolol may be related to one or more of these mechanisms: (a) beta-adrenergic receptor blocking effect which prevents increased myocardial contractility and resulting infundibular narrowing, (b) anti-arrhythmic effect which prevents supraventricular arrhythmias, or (c) simply the prevention of the development of sinus tachycardia with the resulting decrease in right ventricular size and infundibular narrowing. The effect of increasing systemic resistance and the sedative effect of propranolol may also play a role. Propranolol was quite helpful in patient 1, whose cineangiogram demonstrated variable right-toleft shunting dependent on heart rate ( fig. 1) . Atrial pacing or other methods of increasing the heart rate may help identify patients who would be benefitted by propranolol. Previous studies have suggested that these patients will most likely have histories of mild cyanosis and clear-cut hypercyanotic episodes. 13' 14 This experience indicates that PAT should be added to the list of conditions that can increase right-to-left shunting and cyanosis in some patients with tetralogy of Fallot. The increased right-to-left shunting associated with tachycardia appears to be caused by an increasing infundibular stenosis. An increase in heart rate from any cause may augment right-to-left shunting.
